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concentration of this determinant.
Combining theoretical formulation
with the in vitro neuronal
differentiation system should be a
powerful approach for elucidating
the mechanism governing neuronal
polarity. Stay tuned!
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Figure 2. A speculative and
simplified pathway model
for axon specification. 
The positive feedback loop
from microtubule-based
transport system to local-
ization of signaling com-
plexes to neurite tips is
denoted with a red arrow.
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Strand exchange proteins are at
the heart of homologous
recombination reactions, where
they carry out the search for
homology, strand invasion and
strand exchange. In eukaryotes
these reactions are promoted by
Rad51, homolog of the bacterial
RecA protein. Dmc1 is another
RecA homolog found in some but
not all eukaryotes, acting
specifically in recombination
during meiosis [1]. These proteins
bind to single-stranded DNA,
forming a presynaptic
nucleoprotein filament which
promotes subsequent pairing and
strand exchange reactions. Under
appropriate conditions in the test
tube, these recombinases are
sufficient to carry out all of the
steps of recombination. 
The situation is more
complicated in vivo, however,
because many other proteins
modulate the activities of RecA
family members [2]. These factors
impinge on the dynamics and
targeting of filament assembly on
single-stranded DNA, the choice
of homologous partner for strand
invasion, and the disassembly of
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Recent studies in budding and fission yeasts have revealed Mei5
and Sae3 as factors necessary for the proper function of the
recombinases Dmc1 and Rad51 in DNA repair and meiotic
recombination, providing new insights into how strand exchange
proteins are directed along specific recombination pathways.
nucleoprotein filaments from
inappropriate substrates or after
completion of recombination.
Understanding homologous
recombination requires a detailed
understanding of the identities
and activities of these accessory
proteins. Recent studies [3–6] in
budding and fission yeasts have
identified the Mei5–Sae3 protein
complex and its homologs as
members of this group.
During meiosis, recombination
occurs through the generation and
subsequent repair of DNA double-
strand breaks. The ends of double-
strand breaks are nucleolytically
resected to yield 3′ single-stranded
tails. Dmc1 and Rad51 form
nucleoprotein filaments on these
tails and catalyze strand invasion
into intact homologous duplexes,
giving rise to joint molecule
intermediates and, ultimately,
mature recombinant products
(reviewed in [7]). During strand
invasion, one of the resected
double-strand break ends can
initially interact with a homologous
duplex to generate an asymmetric
single-end invasion intermediate.
Subsequent capture of the second
double-strand break end generates
a double Holliday junction. 
On the basis of cytological and
genetic evidence it has been
proposed that Dmc1 and Rad51
may bind to opposite ends of each
double-strand break, and that
differences in properties of these
recombinases dictate the
asymmetrical behavior of the
double-strand break ends [8]. The
ultimate fate of the recombination
reaction — whether recombination
generates a crossover or
noncrossover outcome — appears
to be decided during or before
strand exchange, and may also be
influenced in part by differences
between Rad51 and Dmc1 [7,9].
Recombination reactions are
also carried out by Rad51 alone
during repair of double-strand
breaks in mitotically dividing cells,
although there are a number of
differences in the details, such as
the choice of homologous partner
and the structures of DNA
intermediates and final products
[10]. In every recombination
pathway, meiotic and non-meiotic,
accessory proteins are required
for recombinase function. For
Rad51, well characterized
accessory factors include Rad52,
the Rad55–Rad57 complex, and
Rad54 [2]. Until recently, however,
relatively little was known about
accessory factors for Dmc1.
Two recent studies [3,4] remedy
this deficiency by providing strong
evidence that the Mei5 and Sae3
proteins form a complex that
promotes Dmc1 activity in meiotic
recombination. The spoT12-1
mutation was originally isolated in
a screen for sporulation-deficient
mutants in Saccharomyces
cerevisiae [11]. The gene was
cloned and renamed MEI5 for
consistency with standard yeast
nomenclature (M. Modesti and C.
Giroux, personal communication),
and was also reidentified in
systematic genome-wide screens
[12]. The SAE3 gene was isolated
in a screen for mutations that
cause meiotic arrest dependent
on the formation of double-strand
breaks by Spo11 [13]. 
Shinohara and colleagues [3]
and Tsubouchi and Roeder [4]
examined the MEI5 and SAE3
genes in more detail. Single and
double mutant combinations of
mei5, sae3 and dmc1 mutations
were found to cause identical
defects in meiotic double-strand
break repair, progression through
the meiotic cell cycle and
formation of synaptonemal
complexes. Immunocytology of
spread chromosomes and
chromatin immunoprecipitation
analysis showed that the Mei5,
Sae3 and Dmc1 proteins
colocalize at the sites of double-
strand breaks, and that they are
mutually interdependent for this
localization. Mei5 and Sae3 could
be copurified as a complex, and
the two proteins interacted
directly with Dmc1 in a variety of
assays. 
These findings provide strong
evidence that Mei5, Sae3 and
Dmc1 operate in the same
recombination pathway.
Importantly, although Mei5 and
Sae3 were required for the
formation of Dmc1 complexes at
double-strand breaks, they were
not required for formation of
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Figure 1. The Mei5–Sae3 complex and its homologs promote a series of different
specialized recombination pathways in budding and fission yeasts.
(A) In S. cerevisiae, the meiosis-specific Mei5–Sae3 complex interacts with Dmc1 and
promotes assembly of Dmc1 on meiotic chromosomes, perhaps by stimulating
formation of helical Dmc1 filaments on single-stranded DNA [3,4]. (B) In S. pombe, two
different complexes containing Swi5 (homologous to Sae3) and either Sfr1 or Swi2
(homologous to Mei5) promote distinct and nonoverlapping recombination pathways in
both vegetative and meiotic cells. The Sfr1–Swi5 complex is required for an Rhp51-
dependent pathway that repairs certain types of DNA damage [5]. The Swi2–Swi5
complex is dispensable for DNA repair and is required instead for mating type switching
[5,18]. Swi5 is also important for meiotic recombination in S. pombe [6], but its protein
partners in this pathway are not known. By extrapolation from results in S. cerevisiae,
it is possible that Swi5 complexes also promote assembly of strand exchange proteins.
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Rad51 complexes. The activity of
the Mei5–Sae3 complex is thus
specific for Dmc1.
What does the Mei5–Sae3
complex do? A key observation is
that Dmc1 complexes form very
poorly on meiotic chromosomes
in the absence of Mei5 and Sae3.
A simple interpretation of this
result is that the Mei5–Sae3
complex directly promotes Dmc1
filament formation on single-
stranded DNA. Interestingly, under
many conditions, purified Dmc1
forms stacked octameric rings
which have at best only weak
strand exchange activity [14–16].
Human Dmc1, however, can form
helical nucleoprotein filaments on
single-stranded DNA under
specific salt and pH conditions,
and these filaments have robust
strand exchange activity [17].
Shinohara and colleagues [3]
suggest that the interaction of
Mei5–Sae3 with Dmc1 might favor
formation of helical filaments over
rings. Other possible functions
could include facilitating the
loading of Dmc1 onto single-
stranded DNA that is coated with
the single-stranded binding
protein RPA (similar to known
functions of Rad51 accessory
proteins), or coordinating the
assembly of Dmc1 filaments with
the assembly of Rad51 filaments.
Mei5 and Sae3 are evolutionarily
conserved. Sae3 is homologous to
the Swi5 protein in
Schizosaccharomyces pombe,
while Mei5 has two homologs,
Swi2 and Sfr1 [5]. Unlike their
meiosis-specific budding yeast
counterparts, these fission yeast
proteins interact with Rhp51 (the
Rad51 homolog in S. pombe) and
play important roles in
recombination in mitotically
dividing cells. Even more
remarkable is the degree to which
the fission yeast proteins are
functionally distinct from one
another: the Swi5–Sfr1 complex is
critical for an Rhp51-dependent
DNA damage repair pathway,
whereas a different pairing of Swi5
with Swi2 is dispensable for
resistance to DNA damage but is
essential for a specialized type of
recombination that occurs when S.
pombe cells switch mating type [5].
In this latter pathway, the
Swi2–Swi5 complex plays a role in
the choice of a homologous
partner for recombination [18].
Swi5 has also been implicated in
recombination during meiosis [6],
but it remains to be determined
whether Sfr1 or Swi2 is the relevant
partner. At least one study [19] has
shown no meiotic recombination
defect in swi2 mutants, raising the
possibility that Sfr1 might be
important in this pathway. It also
remains to be determined whether
Swi5 acts during meiosis with
Dmc1, Rhp51, or both. Potential
mammalian homologs of Mei5 and
Sae3 have also been identified
[3,5]. Functional analysis of these
proteins is an important next step.
Despite the differences between
the fission yeast complexes, and
between the complexes in
different yeasts, a unifying theme
from these studies is that each
complex works in conjunction with
one or more strand exchange
proteins to promote a specific and
specialized type of homologous
recombination (Figure 1).
Mei5–Sae3 in budding yeast and
Sfr1–Swi5 and Swi2–Swi5 in
fission yeast thus join a growing
list of factors that are critical for
the ability of strand exchange
proteins to function in their proper
contexts in vivo. The identification
of these proteins, coupled with
recent advances in their
purification, now sets the stage for
a better understanding of the
molecular mechanisms that direct
and facilitate the activities of
strand exchange proteins in
homologous recombination
reactions.
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